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Is microwave radiation useful for fir e detection?

Abstract

This paperdealswith thequestiornof whethemicrowvavesmightbe usefulfor
fire detection.PLANCK’s law shavs usthata black body emitselectromag-
neticradiationalsoin the micro- or millimeterwave region. Sincesuchwaves
exhibit a differentattenuatiorbehaiour thaninfraredradiationaninvestiga-
tion of this phenomenoris interestingfor a fire researcherin this paperwe
will presenthe physicalbasics,explain how to measureandto usesuchra-
diation for estimationof the fire locationand give somepreliminaryresults
obtainedby first experiments.

1 Intr oduction

Therearealreadyhigh-techproductsavailable on the market to locatethe fire origin, or
may be alsopersonsn dangey throughthe smole. Suchimageprocessinglevicesare
basedon the infrared radiation (IR) of a hot spot. In general,suchdevicesare called
radiometes sincethey simply measurehe intensity of radiation. In the following we
will distinguishbetweenR-radiometerandMW-radiometersvhereMW standsfor mi-
crowavesor alsofor millimeter-waves.Radiometersaremostcommonlyusedfor remote
sensingof theearthfrom satellitesandairplaneshput thattopicis beyondthe scopeof this
paper In theindustry radiometersanbe usedfor remotemeasurementf temperatures
in ovens,corverterskilns, andotherplacesvheretheuseof conventionalcontactingem-
peraturesensor®r IR-radiometerss impossiblebecaus®f hightemperaturesmole, or
watervapour However, MW-radiometersanoften not competewith IR-radiometersor
conventionalsensorsincethe lattersareusuallycheapeandsimplerto build. Themain
advantage®of MW-radiometergor the usein fire detectionarefourfold:

1. Thepossibilityto measurahroughoptically thick smole andvapor.

2. Theinsensitvity of MW-radiometergo ervironmentalconditions,suchas water
vaporanddust(contraryto infrared methods)andhigh temperaturegcontraryto
semiconductosensors).



3. Thefactthatthermalmicrowave noiseradiationcomedrom athicker surfacelayer
thanthelR radiationdoes.

4. ThefactthatMW penetratesll materialsexceptof metals.
In contrasttheir maindisadwantagesoncernindire detectionare:
1. Thehigherthecenterfrequeng, themoreexpensve aretheelectroniccomponents.

2. Becausef therelatively long wavelengthscomparedo IR, the achierable spatial
resolutionmightbelimited.

Hence the only thing which is almostsureis thatmuchefforts areneededo investigate
whetheMMW-radiationcanbe usefulfor fire detection.Exactlythis problemis thecentral
topic of this paper In the following we will presenthe physicalbasicspreparedor the
non-physicistexplain how to measurendto usesuchradiationfor estimationof thefire
locationandgive somepreliminaryresultsobtainedby first experiments.

2 The physicalbasics

To investigatewhetherMW-radiationcan be usefulfor fire detectionwe can split this
probleminto threeseperateuestions:

1. How muchMW-power Pz emitsafire ?
2. How muchMW-power Py recevesanantenne?
3. How muchMW-power Py is availablefor detectionat the antennautput?

Beforewe startto answerthesethreequestiondet us shortly commentthem. Of course,
a theoreticalanalysisto predictthe expectedpower at the antennaoutputis essentiato
judge the use of MW-radiationin fire detection. For this reasonwe have first to find
a formula for the emitted MW-power of a fire. Obviously, sincewe usually not know
the burnedmaterialwe cannotexpectto find a generafformulabeingindependenof the
material properties. Fortunately we cannotonly find an upperboundbut alsoa rough
ideahow muchthe deviation of the upperboundis. Thiswill be explainedby answering
the first question. Thenwe considerthe caseof ideal transmissiorwherewe have no
attenuatioron the propagatiorof the electromagenetiadiationthroughtheair. Lateron
we will discusgheinfluenceof smole or watervaporor solid materials.Sowe obtainan
estimationof the receved power. By answeringthe third questionwe demonstrateéhat
an antennais definitely not an ideal measuremendevice. We have to includeits own



temperatureandits directiity patternto calculatethe outputpower. This outputpower
is the mostinterestingquantity sincewe have to processthe antennaoutput signal to
detecta fire. Moreover, by useof an antennaarray insteadof a single antennawe are
ableto scanthe whole scenarioand,therefore we arealsoableto locatethe fire origin
within acertainresolution.To illustratethewhole problem- separatethto threedifferent
guestions- considerfFig. 1.

Figurel: Theemittedpower Pg, thereceved power Pr, andthe detectecbower Py

2.1 How much MW -power Pz emitsafire?

Consideranelectromagnetigvave of frequeng f which hits anarbitrarybodywith tem-
peratureT . The powerof theincidentwaveis denotedasP, (f), whereadren(f, T) isthe

PRefI (f,T)

’/m

Figure 2: The incidentpower R (f), the reflectedpower Preq(f, T), andthe absorbed
power Pa(f,T)

reflectedpower, andPa(f, T) is the absorbedpower Note thatthe reflectedaswell as
theabsorbegower do not only dependon thefrequeng f of theincidentwave but also
onthetemperaturd . In generalthey arealsodependentnthedirectionof theincident
radiationrelatedto the surfaceof thebody—the so-calleddirectionof arrival —aswell as
to the polarizationof the electromagnetievave. Sinceherethe lattertwo parametersire



moreof randomnatureandthuswe considerthemasuniform distributed,we omit them
asindependentariables.
Let usnow definethe degreeof absorption(or absorptivityfor short)as

a(f,T) = absorbepower  Pa(f,T)
> incidentpower  PR(f)

(1)

Obviously, the rangeof the absorptvity is betweerzeroandone(0 < a(f,T) < 1). An
interestingbody is sucha onewhich absorbsall incidentpower irrespectve of the fre-
gqueny f andthetemperaturel. Sucha body is called black body (remembermow a
bladk holeworks)andis fully describedyy

ags(f,T)) =1, Vi,T,

wheretheindex BB denotegheblackbody.

Let us leave the areaof absorptionand considernow the areaof emission If a body
hasatemperaturgreatethanT > OK, it will emitradiationcausece.g.by ajump of an
electronto a stateof lowerenegy. In caseof suchajump anelectromagnetievave occurs
with enegy hf, whereh = 6.626- 10-34Ws? is PLANCK’s constant.Consequentlyeach
bodywith T > OK radiateslectromagnetiavaves. Supposehatanarbitrarybody emits
the power Pz(f, T) thanthedegreeof emission(or emissivityfor short)is definedas

B emittedpower _ Pe(f,T)
~ emittedpowerof ablackbody ~ Pegg(f,T)’

e(f,T) (2)

In contrastto the absorptionwe do not have an incidentwave. Thuswe needa refer
encequantity wherethe black body emissionPe gg( f, T) is a naturalchoice. Note that
the emissvity of a blackbody is obviously equalto one. Note alsothatat this point we
cannotstatethat the emissvity doesnot exceedthe value 1. This will be shown later.
In the following we try to find arelationbetweerthe emissvity e(f, T) andthe absorp-
tivity a(f, T) of an arbitrarybody. For this reasonconsiderFig. 3. Supposethat the

Mirrors

Platel Plate2

Figure3: An experimentto find arelationbetweere(f,T) anda(f,T).

two platesare on the sametemperaturel . Eachof them emit the power Pz 1(f,T) or



Pe2(f,T). Theplatesaresurroundedy two mirrors, sothatno emittedradiationcanbe
lost. ConsequentlyP: »( f, T) is theincidentpower for theleft platewhereas® 1(f,T) is
theincidentpower for theright plate. In otherwords,a; (f,T)Pe=>(f, T) is theabsorbed
power of plate1 anday(f,T)Pe1(f, T) of plate2, whereay(f, T) anday(f, T) arethe
absorptvity of platel andplate2, respectrely. Sincewe assume thermicalequilibrium
— both plateshave the sametemperaturd — bothabsorbegowersmustbe the samefor
eachfrequeng andfor eachtemperature

aq(f, T)Peo(f,T) = a(f, T)Pea(f,T).

By useof eq. (2) we immediatelyobtain
al(faT) i aZ(faT)
e(f, T)  e(f,T)
wheree; (f,T) andey(f, T) aretheemissvity of platel andplate2, respectrely. Suppose
thatplate?2 is a blackbodythenwe get
al(f,T)
e (f,T)
sincefor a black bodythe absorptvity andthe emissvity areperdefinitionequalto one.
It follows for anarbitray body— hererepresentetly platel —

!
=1

a(f, T)=e(f,T)  Vi,T. 3)

This rule is called KIRCHHOFF's law andit meansthat an arbitrary body that absorbs
muchpower alsoemitsmuchpowerin the samebandof frequenciesOf coursejt canbe
agoodabsorber/emittein onefrequeng bandbut abadonein another

We arenow ableto write the emittedpower of anarbitrarybodyas

Pe(f,T) = a(f,T) Pega(f,T). (4)

Sincetheabsorbtity hasarange0 < a(f, T) < 1 wearenow ableto saythattheemitted
power of anarbitrarybody is alwaysequalto or lessthanthe emittedpower of a black
body: Thus,if we know Pegg(f,T) we canuseit asanupperboundfor P=(f, T). Note
thatsucharesultis not clearby only useof the definition (2) for the emissvity. At that
pointwe arenotableto saythatthe emissvity is alwayslessor equalto one.
TheradiationPe gg(f, T) of a black body wasfirst derived by PLANCK, the founderof
the quantumtheory. Sincethe derivationis complicatedwe will hereonly give thefinal
result,widely known asPLANCK’s law

dPegs(f,T) 4mAhf3 1
df c? e% -1

: (5)




whereA s thebodiessurface ¢ = 3-10°m/sis thevelocity of light, k= 1.38- 10~ 2Ws/K
is the BOLTZMANN-constantandan emissionin a half spheras assumedthis meansa
solidangleof Q = 2m). Obsenrethattheunitof dP= gg(f, T)/df isW/Hz, sothatit canbe
interpretedasthe distribution of the power versusfrequeng. Thefollowing Fig. 4 shows
this quantityasa functionof the frequeng for differenttemperatureanda body surface
A= 1n?. It canbe clearly seenthat on the consideredangeof micro- andmillimeter-
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Figure4: PLANCK’s Law for A= 1n?

wavesPLANCK’s law canbeapproximatedby alinearfunctionin alogarithmicscale. The
mathematicateasons thatfor suchsmallfrequencieshepowerseriedor theexponential
function

o 2 1 /hf\"

kT — - -

e n;) nl (kT)
canbebrokenoff aftertheseconderm

nt hf<kT L hf
e =~ —,
T

We obtain

dPeps(f,T) _ 4TMAFZKT
df T2

: (6)



which is a linear function in a logarithmic scale. This resultis known asthe law of
RAYLEIGH-JEANS. The advantageof eq. (6) is the possibility for an integrationin a
closedform. Denoting fc asa centerfrequencyandAf asthe consideredandwidththe
total emittedpower canbe calculatedas

fetAF/2 ATAT2KT
/chf/Z c?

ATAKT ,_ ., 2
= 3z (3fAf-2(af/2)°) (7)
fe>Z5  ATAKT

Pea(fe,Af,T) df

Q

f2Af (8)

We have now obtainedanequatiorfor thetransmittegpoower of ablackbodydependingn
the userchooseableenterfrequeng f¢, the userchooseabldandwidthAf, the surface
A andthe temperaturel of the black body. To get a feeling aboutthe rangeof this
power considera practicalscenario.Suppose surfaceof A= 0.5n?, T = 1000K, f. =
11GHz,Af = 1GHz,thenthe emittedpower is equalto Pz gg (11GHz 1GHz 1000K) =
116.24nWwhich is easyto detectwith conventionalantennasOf course herewe have
not only omittedthe absorptity a(f, T) but alsothedistancer betweerthe antennaand
thefire. Beforewe explain how to includer we will finish the first questionby a short
discussiorabouta(f, T).

From PLANCK’s law it canbe seenthat only the surfaceA of the black bodyinfluences
the emittedpower. It is alsoknown that microwavesor alsomillimeter-wavescantravel
throughsolid materialwith sometimesonly a small attenuation. This is in contrastto
IR-radiationwhichis clearlyattenuatedby solid materials.Thus,we might expectthatin
caseof MW-radiationnot only the surfacebut alsothe innerof arealbody (e.g. thefire)
will contribute to the emittedpower. Sincethe black body radiationdoesonly depend
on A theabsorptity a( f, T) mustexhibit a correspondindpehaiour. In otherwordswe
have to expect—asatendenyg —thata( f, T) mustbehigherfor MW-frequencieshanfor
IR-frequencies.Moreover, this tendeng mustbe valid for all temperaturesTherefore,
it might be very interestingto measurehe absorptwity a(f,T) of typical fire materials
(e.g. wood). This is plannedfor a future researchproject. To get a feeling aboutthe
guantityof absorptvity andequialentlyof the emissvity, considerthe following takular
(se€[1]). Althoughthesearenotmaterialsypically occuringin fire detectiont shavsthat
thevaluesfor theabsorptvity andemissvity arenotvery small. Of course pneexception
is metalwhichtotally attenuateslectromagneticadiationdueto the hugenumberof free
electrons.So,theemissvity aswell astheabsorptvity arenearlyzerofor metal.

After we have answeredhe questionHow mud MW-power Pz emitsa fire ? we can
saythat a detectionof a fire by measurementf MW-radiationseemso be possibleif
all radiationnear f. canbe collected. However, this would meanthataroundthe fire an



Material | (30— 90GHz 280K) Material e(30— 90GHz 280K)
Sand 0.90 Smoothrock 0.75
Asphalt 0.83 Concrete 0.76
Coarsgyravel 0.84 Heavy vegetation 0.93

Tablel: Typical emissvity for normalincidenceand280K

half spherehave to be constructedvhich fully works asanantenna.Sincethisis a very
unpracticalapproachwe have to askthe secondquestion:

2.2 How much MW -power Py recevesan antenna?

To explainthe principalproblemconsiderig. 5. We assumehatafire omnidirectionally

Figure5: A practicalsetup

emitsits radiationin a half spheresothateachpoint on the half sphererecevesthe same

amountof radiationpower. Sincea half spherehasa surfaceof 212 we immediately
obtainfor therecevedpower

Ae
whereAg is the so-calledeffectiveareaindicatedin Fig. 5 directly beneaththe antenna
asa patternedregion. We will not discussthe detailsof the ideaof the effectivearea
For a shortexplanationconsideran antennaof reasonablsizeandregular shapege.g. a
satellitedish. Thentheeffective areais nearlyequialentto thegeometricakurfaceof the
parabolicmirror. It shouldbe pointedout thatthe effective areadoesonly dependon the
antennashapeandnot on the recevedradiation. We emphasizehis factbecausen the



literaturethe relationAe = A2Ge/ (41) canoftenbefound. HereA. = co/ f¢ is the center
wavelengthand Gg is the so-calledantennagain. Sincethe antennagainis often given
asanumber(e.g. for aAc/2-dipole Ge = 1.64), we might assumehatthe effectivearea
becomegjuadraticallydependenbnthecarrierfrequeng. Thismightcanceltheincrease
of Pegg(fe, Af,T) on f2 in eq. (8) sothatthereceved power Pr(f, T) would notlonger
dependon the centerfrequeng. This is not true, sincethe antennagain is frequeng
dependenandtheeffective areais not.

Thus, it follows from eq. (9) thatthe receved power decreaseswerselyproportionalto
the squarer? of the distancer andincreasedinearily with the antennasffective area.
Supposédhata measurementf picowattsis possiblewith a satellitedish. Assumethat
the parabolicmirror hasa diameterof 80cm. Thenwe obtainfor the maximumdistance
betweerthe antennaandthefire in our practicalexample

=96.43m

__— \/ 11(0.4m)2 P=(11GHz 1GHz 1000K)
2n10-12w

Sucha maximumdistancemight be sufficientin numerousapplications.However, note
thatthe maximumdistances linearly dependingpn the centerfrequeng f. sothatit can
beincreasedf needed.
Up to now we do not have considered possibleattenuationrduring the propagatiorof
the electromagnetievave from the fire to the antenna.ln otherwordswe have assumed
a free spacebetweerfire andantenna.So, let usfill this free spacewith somematerial,
e.g.air, fog, smoke or asolid. Of coursewe will have someadditionalattenuatiorwhich
depend®ntheemittedfrequenyg f aswell asthetemperaturd andmaybealsoonother
parameterse.g.thehumidity of the material. Hence we have to extendeq. (9) asfollows

P(f,T) = [H(,1) P e Pe(1,T), (10)

whereH (f,r) isthetransferfunctionfrom thefire to theantenndor vice versayor agiven
frequeny f anddistancer. In generalsupposehata sourceemitsa signalsesin(2mft)

with aconstanamplitudese. This signalpropagatethroughtheconsidereanaterial,e.g.
air, fog or smole, overadistance andasinkrecevesthesignals (f,r)sin(2rft+ ¢(f))

with afrequeng dependeramplitudes; (f) andanarbitraryphasep( f). Thenthetransfer
functionis simply givenby

H(f,r):%eo”ei“’(f)

wherea € R includesthe propertieqparticlesizedistribution, opticalindex of refraction)
of the considerednaterialandtherecevedamplitudes; (f,r) canbeseparate@s

s(f,r)=s(f)e .



The next figure shovs the attenuatiorilOlog [H ( f, 1m)|? in dB/m in caseof air andfog.
It canbe seenthatthe attenuatiorin caseof air is stronglyfluctuating. This is dueto the
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Figure6: Attenuationof Air andFog

moleculesn theair, likee.g.O, or HoO, which absorbenengy in certainfrequeny bands
leadingto a high attenuation.This mustnot be necessarilya disadantage.For example
in future generation®f wirelesscommunicatiora carrierfrequengy of 60GHzmight be
choserto achieze smallcommunicatiorcells.

ComparingheMW- to thelR-regionit canbealsoseerthatthelR-regionexhibitsnumer

ouswindow frequenciesvhereaghe MW-region shows a principalincreasingoehaiour

with increasingfrequeng. This meangthatfor MW the considereccenterfrequeny fc

shouldnot betoo high which is in contradictionto the resultwe foundin eq. (7) or (8),

wherethe centerfrequeng shouldbe ashigh aspossibleto increasehe emittedpower.

In otherwords,herea compromisehasto befoundin future.

The othercurve — fog — shows not only a moresmoothbehaiour, but, muchmoreinter-

esting,it demonstratethat IR-radiationis clearly attenuatedvhereaghe attenuatiorof

MW-radiationnearlyremainsunchanged Therefore the MW-radiationpower of areal
body might becometo a similar orderof magnitudeasthe IR-radiationpower for fog or,



moreinterestingsmole. Althoughthis resultis surprising,it is furtherconfirmedby the
formerdiscussiorthatfor MW-radiationnot only the surfaceof the burning materialbut
alsothedeepetayersarecontributing to thetotal emittedpower. Moreover, it canbeseen
in Fig. 6 thataccordingto the EN 54 (EuropearStandardiall of the smolke generating
testfiresareleadingto anattenuatiorgreaterthanfog in the IR-domainaround300THz
(correspondingo awavelengthof approximately@00nn)j. We haveindicatedwell-known
typical valuesof 0.6dB/m (openwoodfire) to 2dB/m (smoulderingvoodfire(pyrolysis),
glowing smoulderindfire (cotton))for thesetestfires. To our bestknowledgeonly afew
things are known on the attenuationof MW-radiationin caseof smole (see[2]). The
experimentswere doneby the military (fog oil, dustdispersedoy detonatinghigh ex-
plosives,white andred phosphorougpackages)For the window frequencie85GHzand
94GHzonly the dustexperiments— not the smolke experiments- have shavn an atten-
uationof 0dB/m to 0.000375dBm. At 35GHzthe maximumattenuatioris a little bit
increasedo 0.0005dB/m. Theseresultsarealsoshavn in Fig. 6. asthreefilled bars.
Thus,in caseof a smole causedy afire we expectonly a very smallattenuatiorsothat
the MW-radiationapproactmight be preferedin comparisorwith existing IR-Radiation
basedechniques.In conclusionwe canstatethat moreresearchs neededaboutthe at-
tenuationof MW-radiationfor fire detection.

After answeringhe secondquestionwe askthelastquestion:

2.3 How much MW -power Pp detectsan antenna?

The remainingtaskis now to constructan almostideal antennawvhich corvertsthe re-
ceivedelectromagneticadiationPr in anelectricpower P asoptimalaspossible.Here
we arefacedwith two principalproblems:

1. Theantennawill alsoreceve otherradiationnotcausedy thefire.
2. Theantennatself introducesadditionalnoisedueto theirimperfectness.

Concerninghefirst problem,it is clearto suppres&smuchaspossibleof the undesired
radiation. This leadsto the question— What is the causeof undesiredradiation? Of
course,eachantennahasa directiity patternwhich shavs to which extent anincident
wave underanglegis amplified. For example a satellitedishexhibitsahigh directuity in
onedirection—theso-calledmainlobe— whereaotherdirections(sidelobes)aremainly
suppressedHowever, if a smallfire is propagatingandevenif the mainlobeis directed
to the fire, thenthe antennawill alsoreceve additionalradiationcausedby otherheat
sources.Theseothersourcesaresimply somematerial,e.g. the wall of the closedroom,
for which thetemperatures higherthanOK. Thus,in practicewe have to expecta lot of



distortions.For this reasont is very importantto develop anantennawith avery narrov
beamandvery low sidelobes. We will not further discusshis tasksincethis is outside
the scopeof this paper However, evenif we have developedsuchanantennahow can
we achieve thatits main beamis alwayspointeddirectly to the fire ? This problemcan
be solvedby the so-calledsmartantennaknown from wirelesscommunication®r radar
processing.Smartantennasre usually consistingof anarray of antennasvhereall the
antennabutputsareprocessedtbgetherto steerthe mainbeamof thewholeantennaarray
in a certaindirection. In otherwords,the antennaarrayis ableto scanthe ervironment.
Of course,this scanningleadsto a picture which shovs the temperatureorofile of the
environment. This picture could be for exampledisplayedon a screensothata fireman
enteringasmokedroomcouldbeableto locatethefire. Moreover, sincetheantennarray
scansthe whole ervironment,the resultingtemperaturegrofile might shav — besidethe
fire location— alsopeoplein danger Thefollowing figure shavs the principal setupfor a
non-mobilesituation.

antennaarray )
— /
inhomogeneoumedium

\\. e '

electronically +-. A
steerab?:a/

antennadeam

Figure7: An antennaarrayto estimatethelocationof thefire origin.

Now let usconsideithesecondoroblem.Sincetheantennawill alsoexhibit atemperature
of higherthanOK, it will introducesomeadditionalthermalnoisein our measurement.
In addition,all successie amplifierswill decreasé¢he precisionof our measuremerdue
to additionalthermalnoise. Fortunately a very clever approachis known to suppresat
leastthe noisecausedy theamplifiers. This principleis calledDick E-radiometerandit
worksasfollows. Theantennabutputsignalanda signalof areferenceobjectof variable



temperaturél,; aretheinputsof a switch— calledthe DiCkE-switch. The outputof the
switchis connectedvith an amplifier circuit so that the outputof this circuit is usedto
measuregheincidentradiationpower. Theswitchwill beperiodicallyswitched,e.g.with
afrequeng of 1kHz. Duringthemeasuremenhetemperaturef thereferencebjectwill
be varieduntil the outputpower of the whole amplifier circuit remainsconstant.Sothe
outputpower will beindependenof the switchingcycles. In this casewe candetermine
thetemperatur®ef therecevedradiation—it is simply equalto T; in this case- anddueto
PLANCK’s law alsoproportionato thepower of therecevedradiation.Consequentlthe
thermalnoiseof the amplifierswill not affect our measurement we successfullyapply
the DIcKE-approach.

In this subsectiorwe discussedhe mainproblemsandgave anapproactow it couldbe
possibleto solve them. Of course muchwork is still neededo find an optimalantenna
configurationfor the desiredpurpose. In the last sectionwe will shawv the first results
obtainedoy someexperimentsn thefire detectionaboratoryof GERHARD-MERCATOR-
University Duishurg, Germayy.

3 Somefirst experiments

Thefirst experimentdor fire detectionn garbagdunkerswith microvavesweredoneby
DASA (DaimlerChryslerAerospaceéAG). Their resultshave motivatedusto investigate
thisideamoredetailed.In contrasto IR-radiationthe MW-radiationseemshotonly to be
technicallyunusedn fire detectionbut alsoit seemaotto be measuredor standardized
testfires (TFs). For this reasonsomefirst experimentswere doneat the fire detection
laboratoryof GERHARD—M ERCATOR-University Duishurg.

We have useda commercialsatellitedish and a low noise cornverter (LNC). The dish
wasadjustablan spaceso that eitherthe MW-radiationof the roomwalls or of thefire
was measured.The centerfrequeng was f. = 11 GHz andthe chosenbandwidthwas
Af = 1MHz.

In the first experimentcharcoalof anareaof 0.15m? wasignited with a distanceto the
antennaof r = 4 m. The measuregower differencewasfluctuatingbetween0.4 — 0.6
dBm. To studythe principal effect of smoke we have blown somewatervaporbetween
the antennaandthe fire. The maximumlossin power was0.05 dBm comparedo the
smolelesssituation. To geta more detailedpicture we have carriedout mostof all test
fires accordingto the Europeanstandard EN 54), wherenow the distancebetweenthe
antennandthefire origin wasincreasedo nearlythe maximumpossibleof r =7 m. We
have obtainedthe following results.

All fires containingsomeglowing material(TF1, TF2, TF4) canbe easily detected.In



Testfire typical behaiour | powergain remarks
TF1-open flamesandlater 0.6 dBm embersveremeasureable,
woodfire glowing wood flameswerenot measureable
TF2 muchsmoleand | 0.15dBm smole hasnoinfluence,
pyrolysis laterglowing wood embersveremeasureable
TF 4 - open smole,flamesand | 0.15dBm increasegower level
polyuretharfire embers probablydueto embers
TF 5 - liquid flamesandhigh 0dBm no change
n-Heptanfire temperature
TF 6 - liquid flames 0dBm no change
spirit fire
TF7- flames,darksmole,| 0dBm neontubebehindthefire
dekalinfire low temperature 0dBm canbeeasilydetected

Table2: Resultsof thetestfires

contrast,fires only consistingof flames(TF 5, TF 6, TF7) cannotbe seen. This is not
surprisingsinceaflamehasspectrakomponentsnainly in theIR- or visible light-region.
However, flamesarenotin ourfocussincesophisticatedlamedetectorarealreadydevel-
opedto reliably solve this detectiorproblem([3]. To getafirstimpressiorof theinfluence
of smole we have arrangedbehindthe testfire TF 7 a neontube. Despitethe optical
darksmole the neontubecanbe easilydetectedy its MW-radiation.As a consequence,
the assumptiorthat smole only slightly attenuatehe MW-radiationis confirmedby this
example.

4 Conclusions

In this paperwe presentedhe fundamentalof microwave radiationfor fire detection.
MW-radiationoffers somedistinctadvantagesn comparisorwith corventionallR—radi-
ation. For example MW-radiationpenetratealsoopticalthick smoke andvaporwith only
a slight attenuatiorandit penetrateprincipally all materialsexceptmetals. Moreover,
MW-radiometersare very insensitve to ervironmentalconditions,suchas watervapor
anddust(contraryto infraredmethodsandhightemperaturegcontraryto semiconductor
sensors). Last but not least, thermalmicrowave noise radiationcomesfrom a thicker
surfacelayer than doeslIR radiation. In contrast,two main disadwantagesconcerning
fire detectioncan be given, first, with increasedcenterfrequeng the costsare clearly
increasedand second becausef the relatvely long wavelengthscomparedo IR, the



achievablespatialresolutionmight belimited.

We have also derived a closedformula for the receved antennapower. This formula
shows the influenceof chosenparameterslik e the antennabandwidth,the antennaef-
fective areaandthe antennacenterfrequeny andof non-chooseablparameterdjk e the
temperaturef thefire, the distancebetweerfire andantennaandthe surfaceof thefire.
By somefirst experimentswve have demonstratethatwith a very simplesetup—acom-
mercialsatellitedish— fires canbe easilydetectedf the burning materialis glowing. In
our opinionmuchresearchs neededn this area,sincemary applicationscanbe imag-
inedwheremicrowavesarevery usefulfor fire detection.
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